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I  TEMPERATURE -STABLE  MANGANESE -Z INC  FERRITES 

The  effect  of  small  changes  in  the  iron  ratio  of  materials  contain¬ 
ing  50%  by  weight  of  calcines  were  studied.  The  introduction  of 
calcines  resulted  in  considerably  improved  ^oQ^products ,  but  did  not 
affect  the  performance  of  j^o  vs.  temperature.  Best  over-all  magnetic 
results  were  obtained  with  formulas  calculated  to  contain  slightly 
less  than  53.0  mol%  iron  oxide. 

II  INITIAL  PERMEABILITY  OF  M^NGANESE-ZINC  FERRITES  IN  THE  TEMPERATURE 
RANGE  -196**C  to  -H50*C 

Three  types  of  materials  were  studied  containing  50,  53,  and  56  mor/* 
iron  oxide.  With  all  three  types,  the  permeability  at  -196*C  was 
decreased  drastically.  The  materials  containing  iron  excess  display 
the  so-called  "camel-back  effect",  that  is  a  peak  value  of 
approximately  -80®C,  followed  by  a  decline  up  to  approximately  0®C, 
from  which  point  increases  again  with  increasing  temperature.  This 
phenomenon  is  most  pronounced  with  the  material  containing  56  mol% 
iron  and  is  considered  to  be  due  to  the  formation  of  Fe0»Fe203. 

III  DISACCOMMODATION  OF  COMMERCIALLY  PRODUCED  MATERIALS 

The  aging  effect  on  several  production  materials,  manganese-zinc 
ferrites  and  (porous)  nickel-zinc  ferrites,  was  studied  over  a  period 
of  several  months.  It  appears  that  the  iron  ratio  had  major  bearing 
on  the  deviation  of  [Iq  vs.  time. 

IV  TEMPERATURE -STABLE  mTERIALS  IN  THE  2-12  MC/S  RANGE 


Investigated  were  the  effect  of  different  milling  and  firing  techniques 
upon  the  magnetic  properties  of  material  MF-6835-3.  In  order  to  obtain 
high  fi^Q-products  combined  with  low  temperature  coefficients  of  {a^, 
grain  sizes  in  the  fired  materials  have  to  be  maintained  at  less  than 
3  microns. 
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ABSTRACTS  (continued) 


PART  V  ZERO-FIELD  FERRITES  IN  THE  50-400  MC/S  RANGE 


Two  approaches  to  improving  the  material  were  investigated;  anneal¬ 
ing  at  different  temperatures  and  changing  the  iron  oxide  ratio. 
Neither  brought  about  an  improvement.  Work  on  this  type  of  material 
is  considered  as  concluded. 
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PART  I 


TEMPERATURE-STABLE  MANGANESE-ZINC  FERRITES 


In  Report  No*  32  (1  June  1962  to  31  August  1962)^  pages  8  and  9^ 
Tables  263  and  264^  Graphs  349  to  334^  results  were  presented  on  the  magnetic 
effect  of  small  changes  of  the  iron  ratio  (32,73  to  33.23  mol7«)^  of  manganese- 
zinc  ferrites  containing  a  median  zinc  ratio  of  18  and  19  mol7«. 

Good  over-all  magnetic  performances  were  reported  on  the  materials 
calculated  on  the  basis  of  32.73  and  33.00  mol%  iron  oxide  with  the  32.73  iron 
oxide  ratio  displaying  some  advantages:  a  higher  pioQ^P^oduct^  and  a  better 
stability  of  [Xq  vs.  temperature  under  varying  firing  conditions. 

Upon  these  results^  it  was  decided  to  initiate  a  new  test  series  of 
similar  compositions^  but  covering  a  slightly  wider  range  of  iron  ratios  and 
changing  the  preparation  procedure  by  the  introduction  of  calcined  material  of 
the  same  composition  into  the  materials.  This^  in  previous  work^  had  resulted 
in  improved  ^oQ“Products. 

In  the  new  test  series^  MF-8632^  the  iron  oxide  ratio  was  varied  from 
32.3  to  53.3  mol%  in  steps  of  .25  mol7.^  and  the  zinc  ratio  was  maintained  con¬ 
stant  at  18  mol7.. 


The  composition  of  MF-8632  is  (in  mol7.)  : 


MF-8632 

2^ 

lit 

25 

52.50 

52.75 

53.00 

53.25 

53.30 

MnO 

29.50 

29.25 

29.00 

28.75 

28.50 

ZnO 

18.00 

18.00 

18.00 

18.00 

18.00 

Raw  materials  were  of  good  comnercial  quality. 

Each  batch  was  compounded  by  507o  by  weight  of  raw  materials,  as  received, 
and  507.  by  weight  of  calcine  of  the  same  composition  obtained  by  firing  Che 
materials  in  granulated  form  to  approximately  2300*F  in  a  production  tunnel  kiln 
on  a  cycle  of  28  hours,  in  air. 
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The  batches  were  wet  ball-mllled  for  18  hours  with  the  addition  of 
an  organic  binder  and  spray*dried* 

From  these  materials^  toroids  of  approximately  25  mm  O.D.  (F-109) 
were  pressed  and  complete  sets  of  the  whole  series  were  subjected  to  firings 
at  different  peak  temperatures. 

The  results  obtained  on  three  of  these  firings,  to  2360®F,  2390®F  and 
2400*F,  respectively,  combined  with  cooling  in  nitrogen,  were  considered  typical 
of  the  performance  of  the  five  materials  comprising  test  series  HF-8632  and  are 
given  in  this  report. 

Values  of  Q  and  UqQ,  obtained  24  hours  after  demagnetization  at 
frequencies  from  50  to  400  kc/s  are  presented  in  Table  270,  and  the  averaged 
UoQ“Pi^oducts  of  the  same  frequency  range,  as  condensed  from  Table  270,  are  given 
in  Table  271. 

Values  of  [Xq  vs.  temperature  (“65®C  to  +150*C)  are  given  in  Graphs 
578  to  580.  Fr^m  the  data  presented,  the  following  conclusions  may  be  drawn; 

Tables  270  and  271:  with  increasing  iron  ratios  and  in  the  frequency 
range  of  50  and  100  kc/s,  fi^Q-products  decrease.  At  the  high  frequencies,  this 
trend  appears  to  reverse  itself,  and  the  materials  higher  in  iron  ratio  maintain 
a  better  performance  of  up  to  400  kc/s. 

Generally,  test  series  MF-8632  containing  50%  by  weight  of  well  pre¬ 
reacted  calcines,  resulted  in  noticeably  improved  fi^Q  values  over  previously 
described  materials  of  similar  compositions  but  not  containing  calcines. 

Graphs  578  to  580:  the  change  of  vs.  temperature  with  increas¬ 

ing  iron  ratios  shows  the  familiar  pattern  depicted  in  previous  reports.  The 
temperature  coefficient  shows  a  similar  trend  of  becoming  irregular  with  iron 
ratios  over  53.0  mol%,  especially  when  combined  with  firing  to  higher  peak 
temperatures. 

Therefore,  it  appears  that  the  introduction  of  calcines  into  the 
materials  did  not  appreciably  affect  the  change  of  vs.  temperature,  and  that, 

as  reported  previously,  the  most  consistently  positive  temperature  coefficients 
are  obtained  with  materials  based  on  formulas  calculated  on  the  basis  of  slightly 
less  than  53.0  mol%  iron  oxide. 

In  this  connection,  it  is  noted  that  all  compositions  given  in  the  re¬ 
ports  represent  the  composition  of  the  materials  as  added  to  the  steel  mills, 
before  grinding. 

Because  of  abrasion  occuring  during  milling,  the  iron  ratio  after 
grinding  will  be  slightly  higher.  This  gain  in  Fe  was  not  determined  for  the 
purpose  of  this  investigation. 
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PART  II 


PERMEABILITY  OF  MANGANESE -ZINC  FERRITES  IN  THE  TEMPERATURE  RANGE  -196*C  TO  4-150*0 


This  is  the  first  report  on  the  performance  of  [i  vs.  temperature 
below  -65*C.  In  order  to  cover  a  wide  range  of  typical  compositions  of 
manganese-zinc  ferrites  in  this  initial  work^  the  three  test  series^  MF-d401^ 
MF-8402  and  MF  8400,  comprising  nine  different  materials  were  chosen  for  this 
investigation.  Their  compositions  are: 

MF- 840 1  MF-8402  MF- 8400 


M0L% 

-1 

-2 

-3 

-1 

-2 

-3 

-1 

-2 

-3 

Fe203 

50 

53 

56 

50 

53 

56 

50 

53 

56 

MnO 

38 

32 

26 

35 

29 

23 

32 

26 

20 

ZnO 

12 

15 

18 

15 

18 

21 

18 

21 

24 

The  preparation  of  these  materials  and  some  magnetic  data  on  yiQ,  Q, 

HoQ;  ^o/f^o^>  well  as  on  disacconmodation,  have  been  given  in  Report  No.  52 
(1  June  1962  to  31  August  1962^  pages  10-11,  Tables  265  -  266). 

Sample  toroids,  wound  with  thirty  turns  of  #24  copper  wire  were  en¬ 
closed  in  a  thick-walled  aluminum  capsule  which  also  contained  an  iron-constantan 
thermocouple  for  temperature  measurement.  A  heating  element  -  to  obtain  tempera¬ 
tures  above  room  temperature  -  was  placed  into  the  bottom  of  a  stainless  steel 
Dewar  flask.  The  aluminum  capsule  containing  the  samples  and  the  thermocouple 
was  suspended  above  the  heating  element  in  the  Dewar  flask.  Liquid  nitrogen, 
sufficient  to  cover  the  capsule  completely,  was  poured  into  the  flask. 

The  first  measurements  were  taken  after  the  temperature  inside  the 
capsule  was  safely  established  at  the  temperature  of  the  liquid  nitrogen.  With 
the  liquid  nitrogen  gradually  vaporizing,  a  slowly  rising  temperature  inside 
the  capsule  was  obtained.  After  reaching  room  temperature,  current  was  applied 
to  the  heating  element  and  the  temperature  inside  the  flask  gradually  raised  up 
to  +150*C. 

Measurements  were  taken  at  intervals  of  approximately  10*C,  over  the 
complete  temperature  range  from  -196*C  to  +150*C. 
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The  results  are  recorded  in  Graphs  381  to  586*  The  following  observations 
were  made:  all  materials  display  a  considerable  decrease  of  permeability  with  de¬ 
creasing  temperature.  In  the  vicinity  of  -196*C;  only  a  small  fraction  of  the 
permeability  measured  at  room  temperature  remains. 

All  high  iron-excess  materials  (56  mol7o  Fe20^)  display  a  characteristic 
peak  at  temperatures  in  the  vicinity  of  -80*C  and  a  valley  in  the  region  of  0*C 
("camel-back  curve").  This  interesting  phenomenon  is  probably  due  to  the  formation 
of  FeO'Fe203  and  is  less  pronounced  with  the  materials  containing  higher  zinc 
ration. 


Slight  irregularity  of  the  permeability  curve  is  also  observed  with 
some  of  the  materials  containing  53  mol7o  iron,  especially  when  they  were  fired 
to  the  higher  peak  temperature. 

The  most  regular  performance  of  [1q  within  the  temperatures  of  -196*C 
to  +150*C  is  observed  with  the  materials  containing  50  moiy.  iron. 

Further  comments  on  this  subject  are  reserved  until  more  test  data  is 
on  hand  for  evaluation. 
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PART  III 


DISACCOMMODATION  (AGING)  OF  COMMERCIALLY  PRODUCED  FERRITES 


This  is  the  initial  report  on  the  investigation  of  aging  over  a  period 
of  several  months^  of  various  ferrites  from  the  production  of  Indiana  General 
Corp* ^  Electronics  Division. 

The  following  materials  were  chosen  and  the  following  test  methods 

used; 


MATERIAL 

FIRING 

TEST  FREQUENCY  TEST  INSTRUJENT 

*T-1 

Tunnel 

General  Radio 

*0-3 

Kiln 

R-F  Reactance  Bridge 

**MF-4373-A,  #5 

Protective 

100  Kc/s 

Type  916-AL 

Gas 

**MF-4373-A, 

Batch  Kiln 

General  Radio 

#101 

Protective 

100  Kc/s 

R-F  Reactance  Bridge 

Gas 

Type  916-AL 

Tunnel 

1  Me/ 8 

Boonton  Q-Meter 

***Q-2 

Kiln 

2  Mc/s 

Type  260 

***Q-3 

in 

4  Mc/s 

***MF-6835-3 

Air 

1  Mc/s 

DE; 

★  Manganese- zinc  ferrite,  approximately  53 

BO  17.  Fe203. 

^  High  iron-excess  manganese- 

■zinc  ferrite, 

approximately  36  mol7. 

Fe20  ^ • 

***  Nickel-zinc 

ferrites  of  various  iron-excess  ratios,  plus 

additions. 


Preliminary  measurements  had  indicated  that  results  obtained  on  large 
toroids  of  approximately  70inm  o.d.  (F-568)  were  in  close  agreement  to  results 
obtained  on  small  toroids  of  approximately  25iiid  o.d.  (F-109).  For  this  reason 
and  in  order  to  limit  this  investigation  to  a  practical  number  of  test  specimens, 
only  small  toroids  were  pressed  from  the  above-named  materials  and  fired  in 
production  kilns  under  regular  production  conditions. 
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The  following  test  methods  was  used: 

1.  All  samples  were  wound  with  30  turns  of  #24  copper  wire^  uniformly 
distributed^  and  taped  to  individual  phenolic  boards  with  the  leads  secured 
to  banana  plugs.  Values  of  and  Q  were  measured  and  are  presented  in 
Table  272. 

2.  The  samples  were  then  demagnetized  by  a  60  cycle  d.c.  field  of  approxi¬ 
mately  700  gauss^  and  the  yx^  and  Q  were  measured  again  one  minute  after  demagneti¬ 
zation.  These  values  are  also  given  in  Table  272. 

The  value  of  yxQ^  obtained  one  minute  after  demagnetization  was  considered 
the  reference  permeability  for  the  purpose  of  the  aging  test. 

3.  Subsequent  measurements  were  made  after  24  hours  and  at  time  intervals 
as  indicated  in  Graphs  587,  588. 

4.  Samples  were  maintained  ac  room  temperature  between  measurements. 

5.  Percent  change  in  [Iq  was  computed  from:  ^  lOW.. 

6.  Graphs  were  plotted  using  average  values  of  7.  Aja  obtained  from  two 
toroids  of  each  material. 

As  can  be  seen  from  Table  272,  the  values  of  measured  one  minute 
after  demagnetization  are  generally  higher  than  the  ones  obtained  before  de¬ 
magnetization.  This  increase  in  permeability  amounts  to  4  to  5%  with  the 
**normal*'  manganese-zinc  ferrites,  rises  to  13  and  14%  with  the  high  iron-oxide 
telecommunication  materials,  and  reaches  peak  values  of  19  to  28%  with  the 
Q-materials. 

In  approximate  sequence  to  this  gain  of  ^  larger  ratio, 

Q  deteriorates  under  the  same  conditions. 

Graphs  587  and  588,  plotted  on  a  semi- logarithmic  scale,  give  the 
percent  change  of  yiQ  vs.  time  from  two  different  firings  under  similar  conditions 
of  the  same  samples  of  materials.  In  these,  the  highest  disacconmodation,  14  to 
167.,  is  displayed  by  material  MF-4373-A  when  fired  in  the  tunnel  kiln;  the  batch 
kiln  firing  of  the  same  material  resulting  in  a  slightly  lower  figure. 

The  "normal”  manganese-zinc  ferrites  T-1  and  0-3  show  disacconmodation 
values  from  5  to  8%  when  fired  in  the  tunnel  kiln.  (The  same  materials  fired 
in  batch  type  kilns,  show  irregularites  which  need  further  investigation).  Both 
types  of  materials,  MF-4373-A  and  T-1,  0-3,  after  approximately  3  months  show 
percent  values  of  disacconmodation  which  correspond,  roughly,  to  the  percent  Au 
gained  by  the  demagnetization. 
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The  nickel-zinc  ferrites  with  additions  over  the  period  depicted  in 
the  graphs^  show  low  disaccomnodation  values  in  approximate  sequence  with  their 
iron-excess  ratios.  These  materials,  over  a  period  of  more  than  3  months,  have 
lost  only  a  fraction  of  the  \xo  gained  by  the  demagnetization,  but  at  the  same 
time  their  Q  values  remain  far  below  their  values  prior  to  demagnetization.  It 
should  be  remembered  that  these  materials,  unlike  the  manganese-zinc  ferrites, 
initially  have  a  constricted  hysteresis  loop. 
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PART  IV 


TEMPERATURE-STABLE  MATERIAL  IN  THE  2-12  MC/S  RANGE 


In  continuation  of  the  work  described  in  Report  No,  52,  Pages  14  and 
13,  Tables  267  and  268,  Graphs  364  to  369,  a  new  series  of  calcined  material 
MF-6835-3  was  prepared.  The  purpose  of  this  was  to  study  the  combined  effects 
of  milling  and  firing  on  this  material. 

The  preparation  of  the  series  was  as  follows:  a  large  laboratory  batch 
was  wet-milled  for  18  hours,  dried,  granulated  and  calcined  at  approximately 
2300*F.  Four  batches  from  this  calcine  were  then  milled  using  a  weight  ratio  of 
10  (5/8"  steel  balls):  1  (calcine):  2  (water)  for  periods  of  4,  8,  16  and  32 
hours,  respectively.  After  these  millings  the  batches  were  dried,  wet-milled 
with  def locculants  and  binders  for  18  hours  and  spray- dried. 

In  previous  work  it  was  found  that  the  intrinsic  coercive  force  of 
ferrite  powder  could  be  related  to  its  particle  size.  No  attempt  was  made  to 
correlate  the  coercive  force  with  the  actual  particle  size  of  the  material  in 
this  present  study,  but  measurements  of  the  coercive  force  were  taken  to  note 
the  relative  differences  between  the  different  millings.  These  measurements 
showed  a  linear  increase  from  the  4  to  the  32  hour  milling;  however,  after  the 
additional  milling  for  spray-drying  this  was  no  longer  the  case;  the  4  and  8 
hour  mills  gave  similar  coercive  force  readings,  the  16  hour  mill  a  considerably 
higher  one  than  the  4  or  8  hour  mills,  and  the  32  hour  mill  slightly  higher. 

Samples  from  these  batches  were  prepared  in  the  usual  manner  and  fired 
in  various  locations  of  a  production  tunnel  kiln  in  air.  Magnetic  results  of 
these  firings  are  shown  in  Graphs  589  to  592  and  Tables  272  and  273.  Table  273 
shows  the  average  grain  size  (obtained  by  microscope),  density  and  porosity 
(obtained  by  water  absorption)  of  the  samples  from  these  firings. 

Under  the  same  firing  conditions  the  material  with  the  finest  powder 
particle  size  (highest  coercive  force  reading)  matured  at  a  lower  temperature, 
but  developed  larger  average  grain  siae  and  showed  a  tendency  toward  preferential 
grain  growth,  that  is,  inhomogeneous  grain  sizes. 

From  the  results,  it  appears  that  the  best  ^J)-products  are  obtained 
when  the  material  has  small,  homogeneous  grains  combined  with  high  density.  The 
best  temperature  coefficients,  however,  are  obtained  when  the  material  has  small, 
homogeneous  grains  combined  with  high  porosity.  By  controlling  the  milling  and 
thus  the  powder  particle  size  and  then  firing  to  a  temperature  to  promote  a 
homogeneous  grain  size  between  2  and  3  microns,  combined  with  a  porosity  between 
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3  and  5  percent  water  absorption  by  weight,  material  MF-6835-3  can  be  prepared 
to  give  good  values  and  a  temperature  coefficient  of  200  ppm/*C  or  less. 
Initial  attempts  to  further  lower  the  temperature  coefficient  by  raising  the 
porosity  through  lower  firing  in  a  laboratory  kiln  have  been  unsuccessful,  but 
further  study  along  this  line  is  intended. 
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PART  V 


ZERO-FIELD  FERRITES  IN  THE  50-480  MC/S  RANGE 


Following  the  line  of  reasoning  suggested  in  Report  No,  52,  page  16, 
Curie  points  were  determined  for  samples  of  the  series  Ni0^2^_j^_y^Co0j^n0yFe203^^j 
with  iron  oxide  content  from  1,30  to  1,50  mols  and  an  attempt  was  made  to  improve 
the  Ho  temperature  behavior  of  these  materials  by  annealing  closer  to  the 
Curie  point.  Curie  points  for  these  materials  were  found  to  lie  in  the  range 
590*C  to  635®C.  As  the  annealing  temperature  approached  the  Curie  point,  however, 
the  Q  values  of  the  samples,  measured  at  200  mc/s,  became  progressively  lower. 
Specimens  annealed  at  400*C  showed  a  maximum  Q  value  of  69,  after  annealing  at 
a  temperature  of  480*C  a  maximum  Q  value  of  29,  and  finally  after  annealing  at 
a  temperature  of  550*C  the  Q  values  were  less  than  5,  In  consequence  of  the 
sharp  losses  of  Q  values  the  procedure  was  deemed  of  no  practical  value  and  no 
attempt  was  made  to  measure  the  dependence  of  versus  temperature. 

The  second  suggested  line  of  study  in  Report  No,  52,  page  16,  was  the 
area  beyond  an  iron  oxide  content  of  1,5  mols.  Although  peak  performance  of 
the  series  occurs  at  an  iron  oxide  content  of  1,25  to  1,30  mols,  there  is  no 
clear,  unequivocal  deterioration  of  magnetic  parameters  with  iron  oxide  content 
varying  from  1,30  to  1.50  mols.  Accordingly,  a  series  was  prepared  extending 
the  iron  oxide  content  in  increments  of ^,25  mols  from  1.50  to  2.50  mols.  The 
first  material  in  this  series  with  Fe202  content  of  1.75  mols  resulted  in 
maximum  fi^Q-products  of  250.  At  higher  Fe20-j  content  the  n^Q-products  were 
less  than  150.  These  materials  were  considered  to  be  of  no  practical  value. 

All  measurements  were  taken  at  room  temperature. 

This  concludes  the  evaluation  of  the  series  NiO  ^  j^.^,yjCoO^ZnOyFe203  , 
The  salient  features  of  this  series  are  the  following  -  the  highest  values  of  ^Lq, 

Q  and  fi^Q-product  measured  at  200  mc/s  are  obtained  with  an  iron  content  of 
1.25-1.30  mols.  It  should  be  noted,  however,  that  useful  products  can  be  obtained 
throughout  the  region  of  iron  oxide  content  from  1.10  to  1.45  mols.  Increasing 
the  Fe202  content  will  make  the  slope  of  the  vs.  temperature  curve  more 

unidirectional,  but  it  will  also  make  the  slope  steeper. 
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PART  VI 


RESEARCH  PIANNED  FOR  NEXT  QUARTER 


I.  Based  on  compositions  near  the  range  of  33  tnol7.  Fe203;  the  effect  of 
grain  size  as  obtained  by  different  calcining  and  firing  techniques 
will  be  studied. 


2.  The  studyof  disaccomnodation  ferrites  will  be  continued  and  will  include 
experimental  materials, 

3,  The  study  of  the  versus  temperature  behavior  of  some  experimental  and 
commercially  produced  ferrites  in  the  temperature  range  -196*C  to  '^ISO^C 
will  be  continued.  Low  temperature  measurements  of  the  resistivities  of 
these  materials  will  be  made. 


4.  In  the  2-12  Mc/s  range^  further  study  will  be  given  to  the  preparation  and 
firing  of  material  MF-6835-3  in  an  attempt  to  further  lower  the  temperature 
coefficient  of 
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PART  VII 


mNHOURS  SPENT  ON  CONTRACT  FOR  THE  PERICE) 
1  September  1962  to  30  November  1962 


N^NE 

TITLE 

HOURS 

K.  Wetzel 

Chemist 

396 

E.Schvabe 

Physicist 

128 

M.  Eisenberg 

Project  Engineer 

78 

S.  Golian 

Ceramic  Engineer 

103-1/2 

D«  Sullivan 

Ceramic  Engineer 

400 

K.  Slvak 

Chemist 

10 

C.  Cooper 

Technician 

35 

P.  Dacey 

Technician 

21 

E.  Hozeny 

Technician 

53 

D*  Kinsley 

Technician 

39 

E.  Szatkowskl 

Technician 

440 

G.  Lee 

Technician 

472 

M.  Zudonyl 

Technician 

24 

S*  Rubarskl 

Laboratory  Assistant 

44-1/2 
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TABLE  271 


^loQ-PRODUCTS  OF  MF-8632  AT  FREQUENCIES  FROM  50  TO  400  KC/S 
AVERAGE  FROM  THREE  DIFFERENT  FIRINGS 
_ (CONDENSED  FROM  TABLE  270) _ 


COMPOSITION  (24  HOURS  AFTER  DEMAGNETIZATION) 

lATERIAL  (MOL7.)  kioQ  10^ 


MF-8632 

Fe203 

MnO 

ZnO 

50kc/s 

lOOkc/s 

200kc/s 

300kc/s 

400kc/s 

-  A 

52.5 

29.5 

18.0 

495 

400 

240 

130 

65 

•  2 

52.75 

29.25 

18.0 

490 

380 

230 

160 

60 

-3 

53.0 

29.0 

18.0 

475 

400 

235 

145 

70 

-4 

53.25 

28.75 

18.0 

450 

375 

230 

135 

85 

-5 

53.5 

28.5 

18.0 

450 

330 

230 

150 

100 

TABLE  272 


Hq  and  Q  of  commercially  produced  ferrites  -  BEFORE,  AND  ONE  MINUTE  AFTER 

DEMAGNETIZATION 


Values  averaged  from  two  firings,  under  similar  conditions, 
of  the  same  materials. 


Reference:  Part  III,  Pages  11  to  13  . 


MATERIAL 

T-I 

0-3 

4373-A 

4373-A 

9ll 

Q-2 

Q-3 

6335-3 

Firing: 

TUNNEL- 

KILN 

BATCH 

KILN 

T  U 

N  N  E  L 

-  K  I  L 

N 

Atmosphere: 

PROTECT 

I  V  E  -- 

GAS 

AIR 

AIR 

AIR 

AIR 

Before  TJemag. 

1455 

1328 

1057 

813 

126.5 

46.3 

10.6 

95 

One  minute 
after  demaa. 

1513 

1393 

1194 

928 

153.5 

55.8 

12.6 

122 

7. 

+4.0 

+5.0 

+12.9 

+14. 1 

+21.3 

+20.5 

+  19.0 

+28.5 

Before  Demag. 

77 

82 

183 

366 

341 

460 

265 

214 

One  minute 
after  demag. 

70 

72 

135 

230 

186 

270 

222 

128 

7.  AQ 

-9. 1 

-11.8 

-26 

-37. 1 

-45.4 

-41.3 

-16.2 

-40.2 

TABLE  273 


mCNETIC  PROPERTIES  OF  MATERIAL  MF-6835-3 
OBTAINED  FROM  FOUR  DIFFERENT  MILLINGS  AND 
FROM  FOUR  DIFFERENT  FIRINGS 
IN  PRODUCTION  TUNNEL  KILN  IN  AIR  -  CYCLE  28  HRS. 


COMPOSITION 

MOL  % 

Fe203 

60.0 

MnO 

2.0 

NiO 

23.0 

ZnO 

15.0 

Addition  cobalt 

0.25 

oxide  (wgt.7.) 

CODE 

XI  .2 

MILLING 
TIME  OF 
CALCINE 
(HOURS) 

PEAK 

TEMP 

*F 

^0 

5inc  lOmc 

5inc 

Q 

lOmc 

HoQ 

5nic  lOinc 

HoQ(lOmc) 
HoQ(  5mc) 

INTERVAL 

“C 

TEMP.CCEFF. 

(+ppin/®C) 

ZSu  Au 

mat  m2^T 

551 

4 

2370 

109 

119 

182 

81 

19,800 

9,600 

.485 

-65->I50 

+314 

+2.8 

549 

8 

113 

123 

168 

70 

19,000 

8,600 

.453 

-65-^ 150 

+390 

+3.4 

555 

16 

116 

127 

136 

44 

15,800 

5,800 

.354 

-65  ->150 

+456 

+3.9 

553 

32 

101 

111 

74 

22 

7,500 

2,400 

.320 

+10 -> 150 

-831 

-8.0 

559 

4 

2340 

95 

100 

210 

128 

20,000 

12,800 

.640 

-65 150 

+  190 

+2.0 

557 

8 

94 

101 

208 

120 

19,600 

12,100 

.617 

-65-^  125 

+  180 

+  1.9 

563 

16 

99 

106 

202 

118 

20,000 

12,500 

.625 

-65*->  150 

+246 

+2.4 

561 

32 

106 

114 

174 

80 

18,400 

9,100 

.495 

-65-t>150 

+348 

+3.2 

543 

4 

2280 

85 

88 

186 

116 

15,800 

10,200 

-65-^103 

+  176 

+2.0 

541 

8 

84 

88 

196 

124 

16,500 

10,900 

-65->  125 

+141 

+  1.6 

547 

16 

90 

94 

192 

116 

17,300 

10,900 

-65 ->  150 

+192 

+2.1 

545 

32 

96 

100 

178 

98 

17,100 

9,800 

-65  150 

+249 

+2.5 

567 

4 

2240 

73 

76 

198 

140 

14,500 

10,600 

.731 

-65-^  105 

+  148 

+2.0 

565 

8 

75 

77 

204 

146 

15,300 

11,200 

.732 

-65->  125 

+123 

+  1.6 

571 

16 

83 

86 

204 

140 

16,900 

12,000 

.710 

-65 150 

+210 

+2.4 

569 

32 

83 

86 

204 

140 

16,900 

12,000 

.710 

-65 ->  150 

+225 

+2.6 
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PHYSICAL  PROPERTIES  OF  TOROIDS  OF  MMERIAL  MF-6835-3 


MILLING  TIME 

OF  CALCINE 
(HOURS) 

FIRING  PRODUCTION 
TUNNEL  KILN 

PEAK  TEMPERATURE 

AVERAGE  GRAIN 
SIZE 

(MICRONS) 

DENSITY 

(g/cc) 

POROSITY 
ABSORPTION  OF 
WATER  BY  WEIGHT 
(1) 

4 

2370®F 

3.3 

4.5 

2.1 

8 

2370“F 

3.3 

4. 6 

1.7 

16 

2370'’F 

4.3 

4.7 

1.1 

32 

2370'’F 

7.8 

4.8 

0.5 

4 

2340 “F 

2.6 

4.3 

3.5 

8 

2340 “F 

2.8 

4.4 

3.1 

16 

2340 “F 

3.0 

4.5 

2.1 

32 

2340'’F 

3.4 

4.6 

1.5 

4 

2280 “F 

2.70 

4.2 

4.3 

8 

2280®F 

2.6 

4.2 

4.0 

16 

2280 "F 

2.8 

4.3 

3. 1 

32 

2280 ®F 

2.8 

4.5 

2.3 

4 

2240®F 

2.2 

4.0 

5.5 

8 

2240 ®F 

2.2 

4.1 

5.0 

16 

2240 “F 

2.9 

4.2 

4.3 

32 

2240 “F 

2.9 

4.3 

3.6 

UNITED  SIATES  ARMY  ELECTRONICS  RESEARCH  &  DEVELOPMENT  AGENCY 
STANDARD  DISTRIBUTION  LIST 
RESEARCH  AND  DEVELOPMENT  CONTRACT  REPORTS 


COPIES 

1  CASD  (R&E)  ATTN:  Technical  Library,  Room  3E1065,  The  Pentagon 

Washington  25,  D*  C« 

1  Chief  of  Research  and  Development,  OCS,  Department  of  the  Army 

Washington  23,  D*  C. 

1  Conmanding  General,  U.  S,  Army  Materiel  Command,  ATTN;  R  &  D  Directorate 

Washington  25,  D.  C. 

1  Commanding  General,  U.  S.  Army  Electronics  Conmand,  ATTN:  AMSEL-AD 

Fort  Monmouth,  New  Jersey 

1  Director,  U.  S,  Naval  Research  Laboratory,  ATTN:  Code  2027, 

Washington  25,  D«  C. 

1  Conroander,  Aeronautical  Systems  Division,  ATTN:  ASAPRL,  Wright^ 

Patterson  Air  Force  Base,  Ohio 

1  Hq,  Electronic  Systems  Division,  ATTN:  ESAL,  L.  G.  Hanscom  Field, 

Bedford,  Massachusetts 

1  Commander,  Air  Force  Cambridge  Research  Laboratories,  ATTN:  CRO 

L.  G.  Hanscom  Field,  Bedford,  Massachusetts 

1  Commander,  Air  Force  Command  &  Control  Development  Division,  ATTN:  CRZC 

L«  G.  Hanscom  Field,  Bedford,  Massachusetts 

1  Coitmander ,  Rome  Air  Development  Center,  ATTN:  RAALD,  Griff iss  Air 
Force  Base,  New  York 

10  Comraander,  Armed  Services  Technical  Information  Agency,  ATTN:  TISIA 

Arlington  Hall  Station,  Arlington  12,  Virginia 

2  Chief,  U.  S.  Army  Security  Agency,  Arlington  Hall  Station, 

Arlington  12,  Virginia 

1  Deputy  President,  U.  S.  Army  Security  Agency  Board,  Arlington  Hall 

Station,  Arlington  12,  Virginia 

1  Commanding  Officer,  Harry  Diamond  Laboratories,  ATTN:  Library, 

Room  211,  Building  92,  Washington  25,  D.  C. 


(Continued) 


COPIES 

1  Corps  of  Engineers  Liaison  Office,  U.  vS.  Army  Electronics  Research  & 

Development  Laboratory,  Fort  Monmouth,  New  Jersey 

1  AFSC  Scientific/Technical  Liaison  Office 

U.  S.  Naval  Air  Development  Center,  Johnsville,  Pennsylvania 

1  AFSC  Liaison  Office,  Naval  Air  R  &  D  Activities  Command,  Johnsville, 

Pennsylvania 

1  Commanding  Officer,  U.  S,  Army  Electronics  Materiel  Support  Agency, 

ATTN:  SELMS-ADJ,  Fort  Monmouth,  N.  J. 

1  Marine  Corps  Liaison  Office,  U.  S.  Army  Electronics  Research  & 

Development  Laboratory,  ATTN:  SELRA/LNR,  Fort  Monmouth,  N.  J* 

1  Commanding  Officer,  U.S.  Army  Electronics  Research  6t  Development 

Laboratory,  ATTN:  Director  of  Research  or  Engineering,  Fort 
Monmouth,  New  Jersey 

1  Commanding  Officer,  U*  S.  Army  Electronics  Research  &  Development 

Laboratory,  ATTN:  Technical  Documents  Center,  Fort  Monmouth,  New  Jersey 

1  Commanding  Officer,  U*S.  Army  Electronics  Research  &  Development  Labor¬ 
atory,  ATTN:  SELRA/TNR,  Fort  Monmouth,  New  Jersey 

2  Advisory  Group  on  Electron  Devices,  346  Broadway,  New  York  13,  N.  Y. 

3  Commanding  Officer,  U,  S.  Army  Electronics  Research  &  Development  Labor¬ 
atory,  ATTN:  SELRA/TNR,  Fort  Monmouth,  New  Jersey 

(FOR  RETRANSMITTAL  TO  ACCREDITED  BRITISH  AND  CANADIAN  GOVERNMENT  REPRESENTATIVES) 

1  Commanding  General,  U.  S.  Army  Combat  Developments  Command,  ATTN: 

CDCMR-E ,  Fort  Belvoir ,  Virginia 

1  Coiwnanding  Officer,  U,  S.  Army  Communications-E lectronics  Combat 

Development  Agency,  Fort  Huachuca,  Arizona 

1  Director,  Fort  Monmouth  Office,  U.  S,  Army  Communications-E lectronics 

Combat  Development  Agency,  Building  410,  Fort  Monmouth,  New  Jersey 

1  AFSC  Scientific/Technical  Liaison  Office,  U.  S.  Army  Electronics 

Research  &  Development  Laboratory,  Fort  Monmouth,  New  Jersey 

1  Commanding  Officer  and  Director,  U.  S.  Navy  Electronics  Laboratory, 

San  Diego  52,  California 


(Continued) 


COPIES 

1  Deputy  President,  U,  S.  Array  Security  Agency  Board,  Arlington  Hall 

Station,  Arlington  12,  Virginia 

1  Ordnance  Corps,  Frankford  Arsenal,  Philadelphia  37,  Pennsylvania, 

Attn:  Library  Reports  Section 

1  Commander,  Naval  Ordnance  Laboratory,  White  Oak,  Silver  Springs,  19, 

Maryland,  Attn:  Library,  Room  -1-333 

1  Chief,  BuAeronautics,  Dept,  of  the  Navy,  Washington  25,  D.C. 

1  Commanding  Officer,  Watertown  Arsenal,  Watertown,  Massachusetts, 

Attn:  OMRO 

1  Commanding  Officer,  9560  TSU,  SIG.  C,  Electronics  Research  Unit, 

P.O.  Box  #205,  Mountain  View,  California 

1  Corananding  Officer,  U. S.N.  Underwater  Sound  Laboratory,  New  London,  Conn. 

1  M.  I.T.,  Lincoln  Laboratory,  Division  Group  #63,  Lexington, 

Massachusetts,  ATTN:  Librarian 

1  Task  Order  No.  EDG6,  Engineering  Research  Institute,  University  of 

Michigan,  Ann  Arbor,  Michigan,  Attn:  Mr.  D.  M.  Grimes 

1  General  Electric  Corporation,  Electronics  Park,  Syracuse,  New  York, 

Attn:  Dr.  H.  Rothenberg 

1  M. I.T.,  Laboratory  for  Insulation  Research,  Cambridge  39,  Massachusetts 

Attn:  Librarian 

1  Chu  Associates,  P.O.  Box  #387,  Whitcomb  Avenue,  Littleton,  Massachusetts 

1  RCA  Laboratories,  Somerville,  New  Jersey,  Semi-Conductor  Division, 

Attn:  Mr.  Houser 

1  RCA  Laboratories,  Princeton,  New  Jersey,  Attn:  Mr.  R.  L.  Harvey 

1  Hughes  Aircraft  Company,  Culver  City,  California,  Attn:  E.  M.  Wallace 

Head,  Documents  Group 

*  Headquarters,  U.S.  Army  Elcts.  Research  &  Development  Agency,  Fort 

Monmouth,  New  Jersey,  Attn:  SELRA/PEM 


*  Remaining  Copies. 


UNCIASSIFIED  |  AD _ Accession  No, _  I  UNCIASSIFIBD 


M  •  U  <-) 

H  *>  •  s 

«  -H  Q  I-I 

Pm  Wi  >7S  u 

u  b  « 

C  1  6 


0)0  0 

04  <*4  C  M 

04  ee  s 

o«  •H  e  -H 

04  eo  «  9  » 

«  I  •  "  5 

u  e  Ob  t-4 

>-•  W  rH  o  f-4 

*J  I  O  r-l  o 

fa  M  C  «  «fa 

4  S  5  fo  P  > 

‘g*!? 

«  o  I  O  0  fa  « 

s  •’2 

I  e  a  I  fa  0 

I  u  o  S  3  *0 

I  o  o  I  o  "  S 

:  fa  o  e  cn  *,4  «  ^ 

>  Pm  4J  fa  9^  4J  fa 

t  ij  Q  e  0 

>vo4  d  a>  o  fa 

•  rM  O  f4  O 

!  fa  5  O  •  fa  >*  » 

>  4J  •  as  3  c  «fa 

s  §  ° 

y  5r  • 


a  S  ON  •H  i3 

Is"?  S  n 

*ll|  «  : 

2 

e  *fa  «  §  44  «  fa 
4J  O  fa  <*4  <fa  44  fa 
M  p  44  fa  CO  S 

;£?S-3S; 

e  p  I*  i  «  e  J!} 

fa  e  S  o  o  fa  pti 

llj5|||s 


•o  fa  rH  O  O  *fa  fa  . 

§  «  3  £  *3  X  * 

O  to  M  C  PO  • 
e  ^  O  •H  43 

to  pH  lo  a  U  4::  H 


*0  fa 
CM  «  « 

04  -H  C 

04  Nfa  6* 

ON  hM  g 

M  CO  «  9 

»  I  • 

»  o  e  o. 

H  CO  pH  0^ 

I  U  pH 
H  ON  0  il 
P  CO  P  > 

So  e  e 

I  I  -O  pH 

I  NO  *  _  e 

►  CO  pH  ^ 

3  I  o  a  fa 
®  21 7  •  fa 


3  e  (»>  «p4  O'! 

4  fa  ON  fa  fa 

!  g^5“  1 

^  U  «  fa  ps  i 

^  e  K  8  3 

$  &fa  g  S  ' 

3  O  U  •H  O'  < 

I  U  «  •  I 

I  -P^  44  fa  ( 
J  pH  O  U  M4  t 

fnt:Mx ' 

3  w  o  w  < 

«pl  ^  O  ^  J 

4  CO  a  O  4d  i 


m  c 

V  ^ 

44  >N 

fa  •  O  <-1 
fa  fa  •  m 
5  M  Q  'H 
Ifa  fa  uS  (4 

a  S  +  • 

•fa  o  I 

•  N  u  fa  o 


ON*  MH 

t>  I  NO  o 

a  «  ON 


“2*3^.. 

«  0  «fa  «  o  44 
*0  44  O  fa  <*4  ^  J 
9  CO  9  44  fa  t 

pH  I  fa  J  fa 

0  «  fa  e  <2  • 

O  fa  •fa  fa  O  Pm  ; 


4<  e  P  I  O  O 
fa  fa  e  o  u  u 
§  |.iH 

« 16532 

O  H  PM  fa  o  £ 


•N  pH  fe  e 

1  • 

c  fa  afi  I 

JnS  •  •  8 

58  .’'8* 

fa  P  fa  o 

c  §.« 

O  fa  p  fa  o 

•fa  O  U  &  fa 
•  O  CO 
•fa  >^PM 

>  pH  •  pH  p 
'fa  e  <  fa  ON 
Q  fa  _  •  pH 

5  *9  fa 
e  c  fa  fa  fa 

S  ^  V  B 

2  ajj-o  S 

fa  e  H  c  0. 


n  pH  •9  ^ 

I  O  C  fa  I 

<  9  «  p 

a  >  fa  : 

pH  «  9  r 

fa  o  c  9  ( 

O  I  O  I 
9  cn  Tt  9  1 
fa  On  fa  fa 

C  ^  00  U  I 
O  -H  1 
o  •  fa  : 

O  9  u 
•  P  9  C  M 
Ou  >  9  ( 
fa  fa  C  9 
O  O  •fa  O*  4 
O  V  «  I 
•PI  fa  fa  4 
<fa  O  O  »fa  » 

ai:.gp  • 

00  C  00  4 

•fa  ^  O  -fa  4 

CO  a  u  p  ^ 


fa  •  u  pH 
fa  fa  •  9 

9  hH  Q  “fa 
(fa  fa  NO  U 


t  9  9  pH 

I  ?g  •  ? 

I  9  9  9  -fa 

,  X  M  M  00 


9  9  fal  9  O  fa 

^  fa  O  fa  -fa  -H  . 

9  CO  9  44  fa  ( 

pH  I  fa  9  fa 

U  9  fa  9  ‘9  9 

C  fa  t4  fa  O  Om  : 

'I  *  ■  _ 


9  9  19 

If  2  ? 

h332 


t  -iU 

ig.5 1 

9  0  9  > 

•‘hH  9  0 

J8  ,'8* 

fa  P  fa  Q 

Sit 

O  fa  P  fa  o 

t4  O  U  fi  44 
9  U  CO  i 

hH  >^04 

>  pH  •  pH  P  I 
Nfa  9  ><  fa  ON  4 
®  ^ 

9  0  44 
9  e  fa  fa  fa 

335  35 

§  ,6^1' 
fa  C  P  ^  fa  P 
fa  9  M  e  O.  ( 
U  H  0  9  1 
9  *9  .  U  CO  I 

pH  C  fa  9  •• 

M  M  O  CO  pH  c 


9  <n  •*<  9 
fa  On  44  fa 
fa  Q  9  O 

e  n  00  u 


fa  pH  fa  9 

65+1  3 

•H  O  I 
•  •  N  O  fa  O  C 
«0  4  C  U  •H 
C  9  ^  0 
•fa  9  Kl  •  «fa  pH 
>  9  I  p  O  9 

O  S  9  ON  •fa 

pH  9  9  pH  ^ 

'S  la  •  f  z 

*fa  9  9  9  •fa  9 

.  9*  * 

4  P  9  9  9  ^  9 

I  fa  PH  *  a  ^  9  pH 
4  P  C  9  P 

4  «  9  'fa  9  O  fa  9 
I  ^  fa  O  fa  •fa  ^  fa 
4  0  CO  3  fa  fa  CO 
I  pH  I  fa  9  fa  I 

I  U  9  fa  9  ‘O  9  9 
C  fa  •fa  fa  O  Om  fa 
»  •fa  9  pH  9  ■  S 


■fa  9  pH  9  i  0  pH 
fa  'fa  ft.  I  ^  fa  9 
.99PfD99  fa 
fafa9luufa  Om 
999H<4999i  9 

:H5S|t|s| 

Of-iiMuOftbHMNtf 


O  U  fa  O' 
0  9  9 

•P^N  fa  fa 
pH  O  U  fa 

a£<gp 

00  e  as 


8  .  .  . 

fa  PH  pH  pH 


Page  11  **  Paragraph  1  -  second  line  -  several  months  should  read; 

fifty- five  days 

Page  12  -  Paragraph  11  -  fourth  line  -  approximately  3  months  should  read 

approximately  2  months 

Page  14  -  Paragraph  4  -  third  line  -  eliminate  Table  #272 

Page  14  -  Paragraph  4  -  third  line  -  Table  273  should  read; 

Table  274 

Page  17  -  Contents  of  2  should  be  under  3 
of  3  should  be  under  2 


